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Fibre Coupled Mirror Providing a Wavelength Independent Rotation of 
thQ Polarisation State of Reflected Light 

Field of the Invention 

The present invention relates broadly to a device fur producing a 90° polarisation rotation 
of an optical signal, and to a method for producing a 90° polarisation* rotation of mi uytical 
signal. 

Background of the Invention 

It is often desired to provide for polarisation effect cancellation in op deal components. In 
reflective configiumiunis, tins is typically achieved by a reflective configuration in which a 90° 
pularisacioa rotation is provided in a. rotation mirror. Those designs often further involve a 
circulator wluch effectively makes the double path configuration into a troasmiasive device. 

Faraday rotator mirrors which have previously been used for polarisation effect 
cancellation of optical components display, however, a strong wavelength dependence of 
polarisation rotation and also a maximum level of extinction of about 35dB, meaning Thar 
polarisation effects can not be effectively cancelled over a large bandwidth or temperature raagfc. 
For example, over a combined variation of 40°c and 30nm from a nominal temperature nf 
Faraday rotator and central wavelength will introduce approximately a 10° error in the 
polarisation angle of the double pass reflected optical signal. Under those conditions, this 
coiresponds to only a 15dB polarisation extinction which is unacceptable and may in fact lead to 
a degradation of polarisation performance instead of an improvement. 

Turning initially to big. 1, There is shown schematically an example embodiment 
illustrating the operation of a known Haraday rotator L The rotator normally consists of a lens 2 % 
a. Haraday rotator 3 providing a 45 degree rotation and a mirror 4. In Fig. 2 there is shown a series 
ot polarisation state transitions for the arrangement of Fig. 1. Initially a basis set for the 
polarisation states can be chosen 5. The lens 2 has no affect un the polarisaliou stales 6, The 
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Faraday rotator 3 rotates the polarisation states by 45 degrees to provide polarisation states 7. 
Their reflection by uiiu'or 8 provides no affect on the polarisation states 8. The Faraday rotator 9 
then provides a further 45 degree rotation in the polarisation state 9 with the lens 2 having no 
affect on the polarisation state 10, 

Summary of tho invention 

It is an object of the present invention to provide a mirror with improved functionality. 

In accordance with a first aspect of the present invention dierc is provided a device for 
providing a <JU* polarisation rotation of an optical signal, the device comprising a bkefiingem 
material for, in use, splitting the optical signal into two orthogonal polarisation component 
.signals, an polarisation rotating means for, in use* rotating each polarisation component signal by 
nominally 9Q C , and wherein the device is arranged in a mauuci such that, in use, the two rotated 
polarisation component signals are being combined by way of lite bhefihif#ui material for 
providing the 90° polarisation rotated optjeaj signal. 

Accordingly, the device can rotare the optical signal by exactly 90° irrespective of 
wavelength or temperature dependent variations in the polarisation rotating means. 

Preferably, the polarisation rotating moans comprises a nominally 45° Faraday rotator and 
an optical circuit arranged in a manner such that, in use, the polarisation component signals are 
being transmitted twice through the nominally 45" Faraday rotator. The optical circuit may 
comprise a lens and a reflective element. 

The birefringent material may comprise rutilc. 

The device may further comprise coupling means for, in use, coupling the optical signal 
into the device from an optical fibre and coupling the 90° polarisation rotated optical signal back 
into the optical fibre. 

In accordance with a second aspect of the present invention there is provided a method for 
providing a 90 g polarisation rotation of an optic?.! signal, the method comprising the steps of 
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splitting fee optical signal into rao orthogonal polarisation component signals utilising a 
birefringent material, rotating each polarisation component signal by nominally 90° utilising a 
polarisation rotation means, and combining thp- fwo rotated polarisation component signals 
utilising ihe birefringent materia. 

Preferably, the step of rotating each polarisation component signal comprises utilising a 
nominally 45° Faraday rotator and an optical circuit arranged in a xuauue* such thar, in use, the 
polarisation component; signals are being transmitted twice through the nominally 45° Faraday 
rotator. The optical circuit may comprise a lens and a reflective element. 

The birefringent maierial may comprise mute. 

The method may further comprise the Steps of coupling the optical signal into the device 
from an optical fibre 7 and coupling the rotated optical signal back into the optical fibre. 

Brief description of the drawings 

Preferred forms of the present invention will now be described, by way of example only, 
wiih reference to the accompanying drawings: 

Fig. I illustrates schematically a prior art arrangement,; 

Fig. 2 iiiuSUatcs a Series of polarisation state transitions for the aaangemeut of Fig. 1; 

Kg. 3 illustrates schematically the arrangement of the preferred embodiment; 

Fig. 4 illustrates a series of polarisation state transitions for the arrangement of Fig. 3; 

Fig 5 iUiisrrafas schematically the utilisation of the preferred embodiment in a 
telecommunications system; and 

Fig. 6 illustrates the utilisation of the preferred embodiment in conjunction with a fibre 
amplifier in a telecommunications system- 



Detailed description of the embodiments 

Taming now to Fig, 3 there is shown schematically the arrangement of the preferred 
embodiment which comprises a birefringent plate in thfi term of a 5UU micron nitile plate 12, a 
lens 14, a nominally 45° Faraday rotator 16, and & mirror 18. 

In Fig. 4 there is shown a corresponding series of polarisation state transitions for the 
system of Fig. 3. Initially, the polarisation states are aligned 20, The rutile plate 12 separates the 
polarisation states 21. The lens 22 acts to focus the light in the direction of the minor and has no 
affect on the polarisation states 22. The Faraday rotator 16 provides a 45 degree rotation of the 
polarisation states 23, Next, the minor 18 reflects the polarisation states 24. This is followed by a 
subsequent uun reciprocal rotation 25 by the Faraday lOtatux 16. The lens 14 has nu affecL on the 
pulaiisaiiun stale 2<5, This is followed by Use rulilc plate 12 aliguinx Lhc polarisation stales 27. 

The birefringent plate allows only those 90 degree rotated components rotated by the 
Faraday mirror to be transmitted, with any error due to wavelength and temperature being lost to 
the system, This will introduce a small loss dependence over wavelength and temperature (up to 
O.ldB) for the component which are rejected. However, the polarisation of the recombined 
output signal will be rotated about the nominal 90°, since identical relative losses arc being 
occurred for both polarisation component signals, 

It was found that devices constructed in accordance with the teachings of the preferred 
embodiment provided a 90 degree polarisation rotation of the input polarisation state that was 
substantially independent of wavelength and a much higher extinction ratio of greater than 50dB. 

One example operational use of a Faraday mirror system in a telecom munications system 
will now be discussed with respect to Fig, 5 and Fig, 6. In Fig. 5 there is illustrated schematically 
m optical telecommunications system 34 having an input 30, an amplification section 31 and an 
output 32, The amplification section includes a fibre bcUiun which amplifies the input sign'dl in a 
polarisation dependant manner, Aj> illustrated in Fig. 6, by utilisation of <l Faraday mirror 38 in 
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conjunction with the fibre amplifier 39 that allows for the Faraday mirror to be utilised to take 
into account the polarisation dependant nature of the fibre amplification. 

It will be appreciated by a person skilled in the art that numerous variation may be made 
to the present invention as shown as these specific embodiments without departing from the 
spirit or scope of the invention as broadly described. The present embodiments are, therefore, to 
be considered in respects to be illustrative and nor rfistnetive. 

In the claims that follow and in the summary of the invention, except where the context 
requires otherwise due to express language or necessary implication the word "comprising" is 
used in the sense of "including'^ I.e. the features specified may be associated with further features 
in various embodiments of the invention. 



